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© Method and apparatus for reviving an electrode of a biosensor. 

© When a bias is applied between a working electrode and a counter electrode or a reference electrode, the 
bias is gradually increased in its absolute value according to a predetermined time constant Thus, damage to 
the membrane or membranes fixed on a surface of an electrode unit is reduced. 



Fig. 2 




Xe»ox Copy Centre 



'0 



5 



EP 0 415 388 A2 



METHOD AND APPARATUS FOR REVIVING AN ELECTRODE OF A BIOSENSOR 

• ■ 

The present invention relates to methods and apparatus for reviving an electrode of a biosensor and 
more partjcularly to methods and apparatus for reviving an etectrode of a biosensor by supping a S 
S«f "* meaSurement Was ***** 10 ,h0 ***** before a measuTg o^raSn 

It is known that a physiologically active substance is capable of selectively detecting a very complicated 
organic expound, protein or the like with high sensitivity. With attention directed to this characteristic 
research has been made in various biosensors. cnaraciensoc, 

A typical biosensor having an etectrode unit and a physiologically active substance fixed thereon is 

n, r0P T^ S fe ^ ,0f tMedin9 the eXiS,ance °' * *iec« substance, the i S 

quantity of the object substance and the like based art an electrical signal output from the electee 2 
corresponding to the biotogica. reaction of the object substance, under the condition that ^ P md«ned 
forward b,as ,s applied to (he electrode unit. For example, the electrode unit has a working etecS maS 

° £T Til eM m3d? 01 An ^^-immobilized membran X SToltoZ 
electrode uml When the object substance is to be measured, hydrogen peroxide is genoratSTbrouoh an 

««ZZ?2™: TS ^ ^ rated ^n pLide reach^urSr 

electrode, unit through a hydrogen peroxide penetration membrane. The electrode unit outputs an electrical 
sigaa. corresponding to the quantity of hydrogen peroxide that reaches it The existence o the mS2 

^STT ^ "J"* 6 qUanWy °' "» ******* like *• Elected £S5C 

. STweSrSr^ WOrk,ng eteC,r0d9 haS " WaS " 06 «*»■*■*- with respect! 

In the biosensor described above, an interfering layer such as an oxidized layer and the like which 
interferes with electrical signals is generated on the working electrode, and the acti^ oHh wotS 
etectrode is towered as an object substance measuring operation is continued with the flald biaHe nj 
applied to the electrode unit. It is proposed that a reverse bias is accordingly applied to the eLtmde 2 
(the wordmg electrode has a reverse bias of about -0.6 volts applied with respect Mho countrllSode 

SEE 2 ,0 \ nc,e,e examp,e) aner 006 or more measurin9 is pa «- * 2tS5 

which the measurment .s not performed, so as to remove the interfering layer. Then the activity of the 
worteng etectrode is revive,. The .eve. of the output signal from the electLf unit isTaised origin* 
level. (Refer to Japanese Patent Laid Open Sho 60-155959) ^ 

elecl^e^ZS T*™* TT" ^ aPP ' Vin9 ,he P rede,e ™" ed averse bias vo.tage to the 

m^.l„ k k k ^ P Wh,Ch ,he measurme "* is ™* Performed, as is described above, then 

measunng with high sensitivity can be performed again. 

elec^lrtr 9 ^ ra, ", S d !!f ribed 3b0Ve - reVerSG b ' aS f ° r revivin 9 * a PP ,ied the working 

electrode and the counter electrode ( refer to fig. 6(A)) every predetermined time (for example every one 

hour) arxf jus, before starting of measurement. When the reverse bias for reviving is appHed between the 
workirg etectrode and the counter electrode, a large current Hows in thin membranes fixed on a efface of 

SiSfdS o T° Th : n membraneS • eSPeCia,,y 3 •*«*» ^ etra «°" -mbrane Sng 

posit oned close to the electrode unit, are gradually destroyed, thereby the penetration quantity of 

whli T b 9enera,ed by UlareaC,i0n w SUbS,anC6S — ed «* the reason ZeJs foT^Z 
SSrafion " I COnCentra,ion °' 9'«cose. the hydrogen peroxide selecL 

pene ra ,on membrane, made of a cellulose acetate membrane is destroyed, thereby the quantity of 

ZideTtronTr 6 ? 77* *" ' reS °"' iS 3 disadva "^ en electrical signal 

provided from the elecirode unrt increases depending on number of times a reviving operation occurrs 

zi^L'irror - unul a pene,ra,ion ra,io of ,he hydro9en ^ — 
-Jiir^;i^Si L -,w, - i ,he destee ° f dama9e * - — - 

This present invention first applies a predetermined reverse bias to a working electrode for a 

KSeTa Teder^r- ^ 3 Prede ' ermined ^ — » to ^wJlg 
elecirode for a predelerm.ned time penod. at least one of the reverse bias and the forward measurement 

bias being a bias voltage which gradually increases in absolute va,ue up to a predetermined vatee 

I is preferred that the predetermined reverse bias is a reverse bias which is gradually increased until its 
absolute vatoe reaches a predetermined value, and tee forward measurement bias is a loLrd bTas whfch s 
gradually mcreased until ils absolute value reaches a predetermined value 
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ft is also preferred that an increasing ratio of the forward measurement bias is equal to. an increasing 
ratio of the reverse bias. 

It is further preferred that an increasing ratio of the ; forward measurement bias is greater than an 
increasing ratio of the reverse bias. 
5 This present invention comprises; 

reviving voltage applying means for applying a reviving voltage to a working electrode; • 
measurement voltage applying means for applying a measurement voltage to the working electrode; 
time constant means for controlling at least one of the voltages applied by the voltage applying means 
according to a predetermined time constant. . 
jo It is preferred that the time constant means controls the reviving voltage applied by the reviving voltage 
applying means and the measurement voltage applied by the measurement voltage applying means 
according to a predetermined time constant. . ' . 

ft is also preferred that the time constant means applies the same time constants to both voltages 
appRed by both voltage applying means. 
15 ft is further preferred that the time constant means applies a longer time constant to the measurement 
voltage applied by the measurement voltage applying means than the time constant applied to the reviving 
voltage applied by the reviving voltage applying means. 

In this reviving method and apparatus, when an interfering layer on the working electrode which 
interferes with the turning on of electricity is reduced and activity of the working electrode is revived by 
20 applying the reverse bias to the working electrode, a reverse bias with gradually increasing absolute value 
is applied to the working electrode (refer to fig. 1(A)) instead of a reverse , bias having a constant 
predetermined value as applied from the beginning of reviving. A current undershoot is remarkably 
suppressed, accordingly (refer to fig. 1(B)). . . . 

As a result, destruction of the membrane or membranes fixed to the surface or the electrode unit is. 
25 remarkably suppressed, thereby to increase the level of an electrical output signal output from the electrode 
unit, depending on an increase in the number of times a reviving operation has occurred, is remarkably 
suppressed. Also, the life of the membrane or membranes is remarkably lengthened. 

A current overshoot is also suppressed remarkably by applying a forward measurement bias with 
gradually increasing absolute value. As a result, destruction of the membrane or membranes fixed to the 
30 surface of the electrode unit is further remarkably suppressed. 

More specifically, the inventors recognized that a large current flowing at the instant of applying a 
reverse bias for reviving caused the membrane or membranes to be destroyed. The inventors considered 
the cause of such a large amount of current, and found the cause is that thecharging current into an 
electric double layer increases following sudden changing of the bias. Taking this knowledge into 
35 consideration, when the bias is gradually changed instead of suddenly changing it, a large amount of 
current is securely prevented from flowing, and the damage to the membrane or membranes is remarkably 
suppressed. In other words, the life of the membrane or membranes is remarkably lengthened. 

These and other objectives, features and advantages of the present invention will be more readily 
understood . upon consideration of the present invention, taken in conjunction with the accompanying 
40 drawings. 

Figures 1(A) and 1(B) are diagrams schematically showing variations of bias voltage and current when 
the electrode unit is revived; 

Figure 2 is an electronic circuit diagram of an electrode reviving apparatus in accordance with a first 
embodiment of the present invention; 
45 Figure 3 is a vertical sectional view of the center portion of an electrode unit; 

Frgures 4 is a diagram showing actual variations of cunent when the electrode unit is revived; 

Figure 5 is an electronic circuit diagram of an electrode reviving apparatus in accordance with a second 

embodiment ol the present invention; 

Figures 6(A) and 6(B) are diagrams showing variations of bias voltage and current when the electrode 
so unit is revived in conventional manner. 

Fig. 2 is an electronic circuit diagram of an electrode reviving apparatus in accordance with a first 

embodiment of the present invention. 

The apparatus revives an electrode unit having three electrodes, such as a working electrode 1 made of 
platinum, a reference electrode 2 and a counter electrode 3, both made of silver. 
55 The reference electrode 2 and the counter electrode 3 are connected to an inverting input terminal 4a 
and an output terminal 4c of an operational amplifier 4, respectively. A condenser 5, provided as a biasing 
source, is connected between a non-inverting input terminal 4b of the operational amplifier 4 and ground. A 
connecting point of the condenser 5 and the operational amplifier 4 is connected to a high voltage tap 7a of 
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a voltage divider 7 having resistances, through a resistance 5a and a switch device 6a That is a tine 
constant arcurt ,s provided by the resistance 5a and the condenser 5. An inverting input terminal 8a of a 
cwrentA/oltage -converting operational amplifier 8 for providing measurement signals is connected to the 
wortong electrode 1 . A current/voltage converting resistance 9 is connected between an output terminal 8c 
TtZ '^9jnput terminal. 8a of the current/voHage converting operational amplifier 8. Diodes 10a and 
™Z ^ in rCV6rSe P 0 '^ Wtth feSpecl to one another between the inverting input 
5W 3 Z' nVert,n9 ,nPUt terrninal "* ° f tte ™>™«><*W converting operational amplifier 8 A 
DC Povrcrsource 2 for measunng is connected to a non-inverting input terminal 11b of a buffer amplifier 

11 An output termina. 11c of the buffer, amplifier 11 is connected directly to an inverting input JSSZ 
io of to buffer amplifier 11. The output terminal 11c of the buffer amplifier 11 is connected to 2 n£ 

inverting^ tentorial 8b of the current/voltage converting operational amplifier 8. The DC power source 

12 te used for applying a forward bias of 0.75 volts to the working electrode 1. The high voltage tap 7a is 
used! tor applying a bias of -1 volt to the wording electrode 1. A control section 18 is used toconL Z 
operation of the switch device 6a. Ine 

" appSus^appS"' SeC,i0na, ■*? * P6n1er * " ° nit 10 whicK ,he revivi "9 

The working electrode 1 is provided at a predetermined position in an electrode unit body 13 The rino 

t^SZ "^t*™? 2 n '" 9 Sh * ed * unter etectrode 3 ' e'ecfrodes 2 an7 3 surrounding 

the periphery of the working electrode 1. are provided in the electrode unit body 13 in this order Tne 

" 13 3 — surfac ° « ■» ^ on which the working electrode 1 L eLnS 

etectrode 2 and the counter electrode 3 are provided. A hydrogen peroxide setective penetra»rmembr a n e 

Is a ;£n f^ir* 0,6 ,ik0, a gh,cose oxktoe imrnobiii2ed membrane < h ~«* 

as a 60D ■mmobilized membrane ) 15 and a diffusion-limiting membrane 16 made of polyvinyl acetate and 
the Dke are provided in this order to fit the convex surface of the etectrode unit ^yTZ^^ 

the working efectrode l. the reference electrode 2 and the counter electrode 3 respectively 

aboveTs allows"' ^ SenS °' ** COncM ™ "aving the arrangement described 

When measuring of glucose concentration is carried out. the non-inverting input terminal 4b of the 
>o operate* ampKfier 4 is connected to the high voltage tap 7a of me voltage divide 7 by ot^ing the 
SISr, ^/ esiS,anCe 5a " "ding input teLnai 4b is S 2 

ESSE ? ? , reS,S,anCe ^ 016 WBh V0,,a9e tap 7a is to a PP" 3 averse bias of -1 volt 

between the workrng etectrode 1 and the reference electrode 2. The actual voltage applied between the 
workrng etectrode 1 and the reference electrode 2 is determined based on the voltage between he 

rtT h k , COndenSer 5 " ^ ,he f6VerSe bi3S 9radua "y increases by a time SnsS Scht 
coiT^"^ 53 ^ ! h r 0ndenSer 5 - 35 fe iKUStrated h * m region R1 iTL e 
CP Si h ? ^' f0f eXampte a5 seconds . »»» a time constant, usually 0.001-0.1 seconds, of a 
CR arcurt which ,s used for removing noise. In this condition, a cunent undershoot is scarcely recognized 

. ZcZSS" £ 1( • r 7° n ^ *• "** °' « he e,6C,r0de u " il is «"»*»* revivedZse 
ah 1 3 ^"k^ Va,Ue ,0 reduC ° interferin 9 on the surface of the electrode unit 

ooer^S ,? h reVe r^ t? ° Pefa,i ° n ,S ^ rf ° rtned ,0f 3 P^'armined time period, the switch device 6a is 
a if ^ T S0UfCe 12 fe '° app * y 3 ,0rward bias °' 0 75 vo, '« "etween the working 
STei^tif f ^T ,c L ete f ode 2 - ™° acma. vofiage applied between the working efectrode 1 and 

; SwSn T I T , 9r l dUa " y ' nCreaSeS 33 iS i,,UStra,ed in "9- 1 < A >" fe 9 i0 " R2 . because the vo.tage 
S^Z f ^ C0W,enSer 5 9radUa,,y deCTeases accordi "9 to -e predetermined time 

n? Vl " °?k • 3 CU " en ' ° VerSh00t iS remarkably suppressed as is i.| us t, ale d in fig. 1(B). region 
1 F *^ he quar,ut y °» S^arated hydrogen, hydrogen ions and the .ike is lessened because a 
hvZl U ^ '^scarcely recognized, thereby a time period for consuming generated hydrogen. 

SZ TL ?f " iS ,0 Pert ° rm meaSUrin 9 "* Predetermined accural is 

shortened. Also, accuracy of the measurement is improved because destruction of the membrane or 

abo^t oTvI 5 'T, ab ' y ,r ,UCed FUrthe,m ° re - ^ Bfe °' ■»'-*— - membranes is eZded up Z 
is ablToTmo^m membrane or membranes applied in a conventional reviving appals 

seconds tnTanST? ^T" 9 °' CUrr6nlS - ° ne C "" e " X co " es <***"9 'o the time constant of 0 

TZ^ r « Tn COrreSpond,n 9 ,0 "» «me constant of 0.5 seconds. A broken line corresponds 
to the ..me constant of 0 seconds, and shows an undershoot of -78.9 micro amperes and an overshoot of 

unde,:Z o a , m 480 S mC. J" 'T^ * « °' 05 S6C °" ds - a " d 

undershoot o. -48.0 mrcro amperes and an overshoot of 36.3 micro amperes. As is apparent from the 
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drawing, the undershoot and overshoot are remarkably suppressed. In both cases, after the undershoot has 
• oc^rrei firs, the current decreases in absolute value, then fine current increases ,n absolute value This 
variation of current may be caused in that the first undershoot is caused by tlow.ng charging current then 
the charging current decreases, thereafter, the surface of the electrode unit is completely charged and has 
5 a potential lor generating hydrogen, thereby the current again increases in absolute value. 

After reviving is finished, a signal corresponding to the concentration of glucose ,s output as follows by 
' dropping an object solution onto the electrode unit. • . 

Tte dropped object solution is guided to the GOD immobilized membrane 15 with tended penetrabon 
by the glucose to some degree, by the diffusion-limiting membrane 16. Then, the following reaction takes 

10 place: 

GOD 

Glucose + 0, •+ H.O — ». 



75 



Gluconic acid + H 2°2 

Hydrogen peroxide, the quantity of which corresponds to concentration of existing glucose, is accordingly 
generated. The generated hydrogen peroxide is guided to the surface of the working electrode which, is 
revived to have suf ficient activity, through the hydrogen peroxide selective penetration membrane 14. The 
forward bias is kept applied to the woiking electrode 1. An oxydalion reaction is carried out on the surface 

25 of the working electrode 1 and current corresponding to the amount of hydrogen per6x.de flows in through 
L forking etectrode 1. The current is applied to the inverting Input terminal 8a of the curettage 
converting operational amplifier 8. then a voltage signal is output from the outpuMermma, 8c of ^the 
-currenwoltage converting operational amplifier 8. The voltage signal is generated by adding an offset 
voltage caused by the forward bias and a voltage signal being proportional to the current. ~ 

3a Thereafter, only the voltage signal proportional to the current is extracted. ^^?5L2S 
signal is differentiated to obtain a first-order differentia, value, then *^^«^^J%£^ 
value is delected. Finally, a glucose concentration detection s.gnal wrth h.gh accuracy is obtained by 

^?St!5U ot an electrode reviving apparatus in accordance with a second 

35 embodiment of the present invention. 

Different points from the first embodiment are as follows, 

0) an electrode unit having two electrodes, one is the working electrode 1 made ol platinum while 
another, the counter electrode 3 made of silver, is used for being revived, and 

(2) the counter electrode 3 is directly connected to the switch device 6a by omrtting the operational 

40 rife embodiment, undershoot and overshoot are remarkably reduced when ^etectrode is 
revived. Also, a time period between removal of interfering substances to when it ,s possible to start actual 
measuring can be shortened. Furthermore, the accuracy of measurement is -mproved and the Me of the 
membrane or membranes are lengthened because the destruction of the membrane or membranes are 

45 ^nvXTnot limited to ,he foregoing embodiments. Preferably, the voltage lor reviving is 
changed. Preferably, the time period lor applying the voltage is changed corresponding to the voftage 
value Preferably, the reviving method and apparatus are applied to an apparatus tor m^sunrjaconc^jra- 
tions o. substances other than glucose. Pre.erab.y. a programmabte power source -to va^ng outpu 

so voltage, the source being controlled by a microcomputer, is employed instead of the time constant circuit 
comprising the resistance 5a and the condenser 5. 

The terms and expressions which have been employed here are used as terms o descnption and not 
oi limitations, and there is no intention, in .he use o. such terms and expressions of excluding e*»*P» « 
the features shown and described, or portions thereof, it being recognized that venous mod,licat,ons are 

55 possible within the scope of the invention as claimed. 
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1. A method for reviving, an electrode unit of a Wosenser which includes a workina electron m ,nH 
counter electrode (3), and which measures a concentration of an object substanT h^ ( 
^.generated between the working etectrode (1) and the ^JS^^T^iSSS 
5 forward measurement bias is appned to the workina electron* m fln wn l ^ n . a # P redeterrnmed 
substance is placed, the ekec^signa. t^SSL^^,^ SSSZ'SZ 
substance, characterized in that; ' * worogicai reaction of the object 

(1) applying a predetermined reverse bias to the workinn elerirnri* /i\ w ^ ~ ^ * • . : *. 

4 A method as set forth in claim 2. wherein an increasing ratio of the forward measurp™™. hi,. • 

than an increasing ratio of the reverse bias. measurement bias is greater 

z> 5. An apparatus for reviving an electrode unit or a biosensor which includes a workinn etertrn** m a 
counter electrode (3). and which measures a concentration of an objec ltoLTtl ( V *■ 

signal generated between said working electrode (1) anS JtocZZ eteS m t 
forward measurement bias Is applied to said workTo IZs^ l T^ ^ * predetermiTOd 
stance is placed, said electric* aona, being ?^£SE£$. ^ 

!5 substance, characterized in that; "'uiogicai reacbon of said object 

reviving voltage apptying means (4. 6a. 7a) for applying a reviving voltage to said working electrode f1V 
ST 98 aPP,y,n9 ^ <12) ,0f aPP,Vin9 3 -«age to 2 SS^JL* 

time constant means (5, 5a) for controlling at least one voltaoe aonlipd h« ™» 
o means (4. 6a. 7a. 12) according to a predetermined Ume co^ant * °' ^ 

6. An apparatus as set forth in claim 5. wherein said time constant means (5 5a) conirnk ih„ • - 

according to a second predetermined time constant w ™ eans 

» 7. An apparatus as set forth in claim 6. wherein said first and second time constants are the same time 
a ^apparatus as set forth in Cairn 6. wherein said second time constant is gma^lTSyme 



40 



45 



50 



55 



6 



EP 0 415 388 A2 



Fig J (A) VOLTAGE 0.75V 
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Fig. 3 
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